High-concentrate diets can lead to subacute ruminal acidosis and are known to result in changes of the ruminal fermentation pattern and mammary secretion of fatty acids. The objective of this paper is to describe modifications in milk fatty acid proportions, particularly odd-and branched-chain fatty acids and rumen biohydrogenation intermediates, associated with rumen parameters during a 6-wk subacute ruminal acidosis induction protocol with 12 ruminally fistulated multiparous cows. The protocol involved a weekly gradual replacement of a standard dairy concentrate with a wheat-based concentrate (610 g of wheat/kg of concentrate) during the first 5 wk and an increase in the total amount of concentrate in wk 6. Before the end of induction wk 6, cows were switched to a control diet because 7 cows showed signs of sickness. The pH was measured continuously by an indwelling pH probe. Milk and rumen samples were taken on d 2 and 7 of each week. Data were analyzed using a linear mixed model and by principal component analysis. A pH decrease occurred after the first concentrate switch but rumen parameters returned to the original values and remained stable until wk 5. In wk 5 and 6, rumen pH values were indicative of increasing acidotic conditions. After switching to the control diet in wk 6, rumen pH values rapidly achieved normal values. Odd-and branched-chain fatty acids and C18:1 trans-10 increased with increasing amount of concentrate in the diet, whereas C18:1 trans-11 decreased. Four fatty acids [C18:1 trans-10, C15:0 and C17:0+C17:1 cis-9 (negative loadings), and iso C14:0 (positive loading)] largely correlated with the first principal component (PC1), with cows spread along the PC1 axis. The first 4 wk of the induction experiment showed variation across the second principal component (PC2) only, with high loadings of anteiso C13:0 (negative loading) and C18:2 cis-9,trans-11 and C18:1 trans-11 (positive loadings). Weeks 5 and 6 deviated from PC2 and tended toward the negative PC1 axis. A discriminant analysis using a stepwise approach indicated the main fatty acids discriminating between the control and acidotic samples as iso C13:0, iso C16:0, and C18:2 cis-9,trans-11 rather than milk fat content or C18:1 trans-10, which have been used before as indicators of acidosis. This shows that specific milk fatty acids have potential in discriminating acidotic cases.
INTRODUCTION
Subacute ruminal acidosis is a digestive disorder indicated by symptoms that are subtle, nonexclusive, and often delayed from the time of incidence (Enemark, 2008) . Rumen pH parameters are the only reliable tools to diagnose SARA (Keunen et al., 2002) , although ruminal pH varies considerably at different locations in the rumen and during the day. As a result, rumen pH conditions that define SARA are still an issue and various parameters and associated threshold values have been proposed. Time or area (time × pH) below a certain pH as calculated from continuous pH monitoring seems to be a potential indicator (Keunen et al., 2002; Dragomir et al., 2008) , with thresholds of 283 and 475 min of pH below 5.6 or 5.8, respectively (AlZahal et al., 2007) . Further, Dragomir et al. (2008) concluded that the rate of pH decline or the time within which pH reaches its minimum are useful alternative indicators of the ruminal status. Currently, only 2 techniques are available to measure rumen pH under field conditions: rumenocentesis and oral stomach tube insertion (Duffield et al., 2004) . Continuous pH registration recorded by a swallowed probe is under investigation, but economic feasibility and practical issues, such as calibration of the pH equipment, impair its use as a diagnostic tool in dairy herd management.
Accordingly, there is increasing interest in milk compounds (e.g., milk fatty acids; FA) as potential diagnostic tools of rumen function (Vlaeminck et al., 2006a) . Milk odd-and branched-chain FA (OBCFA) are of particular interest in this respect because they have been linked to the rumen fermentation pattern (Vlaeminck et al., 2006b; Cabrita et al., 2007; Craninx et al., 2008) . Moreover, accumulation of FA during rumen biohydrogenation depends on the rumen environment, with predominant switches toward the C18:1 trans-10 pathway at low ruminal pH (e.g., Enjalbert et al., 2008) . Because of these relationships and the ease of obtaining milk samples, monitoring the FA profile of milk has potential value in the diagnosis of SARA and could facilitate its prevention. However, relationships between milk FA profile (including OBCFA) and rumen fermentation (rumen pH and VFA proportions ) have not yet been determined in experiments designed to induce SARA. The objective of this study was to establish relationships between classical SARA, indicators in the rumen, and milk FA during a 6-wk experiment in which rumen function was challenged weekly by increasing amounts of rapidly fermentable carbohydrates.
To our knowledge such a detailed combined report has not previously been published.
MATERIALS AND METHODS

Experimental Design and Animals
Twelve multiparous ruminally fistulated HolsteinFriesian dairy cows were used in a complete randomized block design. Cows were paired according to milk yield and stage of lactation and allocated at random to treatment A or B. Cows in treatment A received a control diet, whereas cows in treatment B received a supplementary mixture of feed additives (yeast, vitamin E, and buffer) aimed at preventing SARA. Average (mean ± SD) DIM, milk yield (kg/d), and BW (kg) at the beginning of the experiment were 236 ± 45, 40 ± 4, and 701 ± 41, respectively, for treatment A and 227 ± 47, 38 ± 7, and 714 ± 33, respectively, for treatment B.
The experiment consisted of preinduction and induction periods. A standard dairy diet was administered during the 3-wk preinduction period. The same diet was given during the first induction week and contained grass and maize silage and the original standard pelleted concentrate. During the following 4 induction weeks, the standard pelleted concentrate was gradually replaced by a pelleted concentrate containing ground wheat to induce mild SARA, but the forage:concentrate ratio remained constant. Finally, the total amount of wheat-based concentrate was increased in wk 6 by 2 to 4 kg/d depending on the cow's milk yield. In this last week cows were switched to a control diet between d 2 and 7 because of signs of clinical acidosis in 7 cows.
Cows were housed in a tie-stall barn (Velddriel, The Netherlands) and the experiment took place from January to March 2007. The barn was illuminated by daylight and by fluorescent lamps, which were turned on during the experimental procedures. This experiment was approved by The Institutional Animal Care and Use Committee of the University of Groningen (Groningen, the Netherlands).
Experimental Treatments and Diets
The offered diets met the cows' requirements for energy, protein, vitamins, and minerals. A mixture of corn silage and grass silage (67:33 wt/wt; DM basis) was offered at 110% of the preexperimental ad libitum intake. Dairy concentrate was fed at a fixed rate per cow pair. Concentrate level was based on the milk production in the preexperimental period. The amount of concentrate was divided into 2 (at 0700 and 1700 h) or 3 (at 0700, 1700, and 1200 h) meals. Concentrate supply was maximized at morning and evening meals, offered in equal proportions with a limit of 5 kg/meal. Amounts of concentrate in excess of 10 kg were supplied at 1200 h. In wk 6, concentrate supply was limited to the morning and evening distribution and meals of up to 8 kg of concentrate were offered. Any refused concentrate was removed, weighed, and inserted directly into the rumen 1 h after offering. This happened 2 times, on d 7 of wk 3 (13 kg of concentrate put in the rumen of one cow) and d 2 of wk 6 (1.98 kg of concentrate put in the rumen of one cow). These data points showed similar milk FA profile as the rest of the data and were used in further analysis. The standard pelleted concentrate:wheat-based concentrate proportions were 4:0 in the preinduction period and 4:0, 3:1, 2:2, 1:3, 0:4, and 0:4 in wk 1, 2, 3, 4, 5, and 6, respectively. The composition of the wheat-based concentrate and standard pelleted concentrate is given in Table 1 . The chemical composition of the grass and corn silage is given in Table 2 and the exact proportions given to 2 extreme pairs (pairs 1 and 6) during the whole induction experiment can be found in Table 3 . Rations of the other pairs varied between those extremes. Feed additives (0.33 kg/d) were mixed with ground corn (0.17 kg/d). This mixture was then fed to group B cows together with the roughage. Ground corn (0.17 kg/d) was supplied to the roughage of group A cows. Water was available ad libitum via individual water bowls. However, in wk 4 on d 2 there was an interruption to the water supply of one cow (cow 2) for several hours, which may have influenced results in that week.
on the first day of each week, vacuum stored at −20°C, pooled at the end of the experiment, and submitted for analysis by near-infrared reflectance spectroscopy (Blgg Oosterbeek, Oosterbeek, the Netherlands). A single pooled sample of each standard pelleted concentrate and wheat-based concentrate mixture was analyzed by wet chemical analysis (Provimi BV, Rotterdam, the Netherlands). Results included percentages of DM (ISO 6496; ISO, 1999) , CP (ISO 16634; ISO, 2008) , crude ash (ISO 5984; ISO, 2002) , crude fiber, crude fat (Am 5-04; AOCS, 2004), NDF, ADF, and acid detergent lignin; NDF and ADF were corrected for residual ash (Uden et al., 2005) . Wheat and sugar beat pulp contained 557 and 5 g/kg of DM starch, respectively, with 52 and 0 g/kg of DM bypass starch, respectively (CVB, 2007) . Wheat starch degradation in the rumen was 89.6% in a study by Hindle et al. (2005) . Water intake, DMI, and milk yield were recorded daily.
Rumen Function and Fecal Scoring and Fecal Particle Distribution. Rumen pH was measured continuously (5-min intervals) throughout the treatment period using an indwelling pH probe (Sentix 41-3, Boom BV, Meppel, the Netherlands). Probes were calibrated on d 6 of each week and replaced if necessary. Rumen fluid (400 mL) was sampled from the center of the rumen at 1600 h on d 2 and 7 of each week and cooled in an ice-water bath immediately after collection and during processing to stop microbial activity. Samples were mixed thoroughly, strained, and stored in subfractions of 20 mL at −20°C until being analyzed for VFA. Ruminal VFA analysis was performed through separation and quantification by GLC (Shimadzu GC-14A, Shimadzu, Kyoto, Japan) according to Van Ranst et al. (2010) . Lactate was measured only on d 2 samples according to the method described by Conway (1962) . Fecal consistency was scored visually on the second day of wk 1, 2, 4, 5, and 6 using the 5-point ordinal scale of Zaaijer et al. (2001) .
Milk Analysis. Milk samples were collected in the morning and evening of d 2 and 7 of each week. Samples were submitted for fat, protein, urea, lactose, and SCC analyses (MS Nijland, Nijland, the Netherlands) or stored at −20°C until being analyzed for FA composition. Daily average milk proportions of fat, protein, and lactose were calculated from the analytical results, taking into account morning and evening milk production. Morning and evening samples were pooled (50:50 vol/vol) before milk FA analysis by GLC after extraction and methylation as described by Vlaeminck et al. (2005) and were expressed as g/100 g of FA methyl esters (FAME). Briefly, milk fat was extracted by the Röse-Gottlieb procedure (ISO 3889; ISO, 2006) . After extraction, the solvent was evaporated using a rotary evaporator at room temperature and the extracted lipids were resolved in 20 mL of diethyl ether:petroleum ether (1:1 vol/vol). Tridecanoic acid (Sigma, Bornem, Belgium) was added as the internal standard and FA were methylated with NaOH in methanol (0.5 mol/L) followed by HCl in methanol (1:1 vol/vol; Raes et al., 2001) . The FAME were extracted twice with 2 mL of hexane, and pooled extracts were evaporated to dryness under N 2 . The residue was dissolved in 1 mL of hexane before analysis. GC Analysis. All samples were injected on a GC CP-Sil88 column for FAME (100 m × 0.25 mm × 0.2 μm; Chrompack Inc., Middelburg, the Netherlands) at the following temperature program: start at 70°C for 4 min, then increased at 10°C/min to 150°C, increased at 1°C/min to 165°C, held at 165°C for 20 min, increased at 2°C/min to 170°C, held at 170°C for 10 min, increased at 4°C/min to 215°C, and held at 215°C for 27 min. Two microliters of the sample was injected with a split ratio of 1/50. Because of coelution with C16:1 cis and trans isomers (Boeckaert et al., 2008; Kramer et al., 2008) , iso C17:0 and anteiso C17:0 were left out of further analyses.
Statistical Analysis
Cow performance variables, rumen function variables (rumen pH variables, total concentration of VFA, and molar proportions of acetate, propionate, and butyrate) and milk composition variables (protein and fat, g/kg of milk and FA, g/100 g of total FAME) were compared using the linear mixed model for wk 1 to 5 for d 2 (beginning of the week) and d 7 (end of the week) separately: Y ijk = μ + A i + B j + C k + ε ijk , where Y ijk = dependent variable, μ = mean, A i = fixed effect of induction week, B j = fixed effect of treatment group, C k = random animal effect, and ε ijk = residual error term. Week 6 measurements were excluded from the general model as cows were switched to a control diet between d 2 and 7 of wk 6 because of clinical acidotic signs of 7 cows.
Means of d 2 and 7, based on wk 1 to 5, were compared according to the linear mixed model Y ijkl = μ + A i + B j + C k + D l + ε ijkl , where Y ijkl = dependent variable, μ = mean, A i = fixed effect of induction week, B j = fixed effect of treatment group, C k = random animal effect, D l = fixed effect of day, and ε ijkl = residual error term.
Day 2 and d 7 of wk 6 were compared according to the linear mixed model Y ijk = μ + B i + C j + D k + ε ijk , where Y ijk = dependent variable, μ = mean, B i = fixed effect of treatment group, C j = random animal effect, D k = fixed effect of day, and ε ijk = residual error term.
Principal component analysis (PCA) was performed based on rumen parameters [pH minimum, pH maximum, pH decrease per hour, area under the curve (AUC) pH <5.6 or 6.0, time pH <5.6 or 6.0], milk fat percentage [milk fat, molar acetate, butyrate, and propionate proportions, total VFA (mmol/L)], and specific milk FA (g/100 g milk fat; anteiso C13:0, iso C13:0, iso C14:0, C15:0, iso C15:0, iso C16:0, C17:0 + C17:1 cis-9, C17:1 cis-9/C17:0, C18:1 trans-10, C18:1 trans-11, C18:2 cis-9,trans-11, C18:2 trans-10,cis-12, and C18:2 trans-11,cis 15). Data of all measuring days except for d 7 of wk 6 were included in the PCA.
Because interanimal variability is most often observed, changes relative to standard conditions calculated on an individual animal basis could eliminate this interanimal variability and this has been done for milk iso C14:0 and C18:1 trans-10. Individual relative cow changes were calculated for this purpose as the difference (diff C18 trans-10, diff iso C14) and the ratio (ratio C18 trans-10, ratio iso C14) of the measurement of each of wk 2 to 6 with wk 1 (reference measurement).
A discriminant analysis (DA) was performed with SPSS (SPSS Inc.) using a stepwise model including the variables milk fat percentage, milk FA (g/100 g of milk fat; anteiso C13:0, iso C13:0, iso C14:0, C15:0, iso C15:0, iso C16:0, C17:0 + C17:1 cis-9, C17:1 cis-9/C17:0, C18:1 trans-10, C18:1 trans-11, C18:2 cis-9,trans-11, C18:2 trans-10,cis-12, C18:2 trans-11,cis-15), and the computed variables difference C18 trans-10, difference iso C14, ratio C18 trans-10, and ratio iso C14. Data of all measuring days were included in the PCA. For the purpose of the DA, acidotic and nonacidotic cases were distinguished according to the rumen pH using the threshold value (time pH lower than 5.6 ≥ 283 min) obtained by AlZahal et al. (2007) . All statistical analyses were performed with SPSS 15.0 (SPSS Inc., Chicago, IL).
RESULTS
Treatment Groups
The majority of the parameters considered in this study (rumen pH variables, rumen VFA concentration, rumen VFA composition, DMI, water intake, milk yield, and milk composition including most of the milk FA) were not influenced by treatment group (Tables  4 to 8 ). Strikingly, acidotic indicators (i.e., rumen pH variables) did not differ between the groups, although supplements in the treatment group aimed at reducing the risk of acidosis development. Also, the number of cows qualitatively identified as acidotic (based on feed intake or fecal consistency) did not differ between the 2 treatment groups. Some parameters showed differences: based on wk 1 to 5, milk FA proportions of palmitic acid (C16:0) were higher in treatment A than in treatment B (36.8 ± 0.6 and 34.8 ± 0.6 g/100 g of FAME, respectively), and milk FA proportions of C18:1 cis-15 were lower in treatment A than in treatment B (0.054 ± 0.004 and 0.070 ± 0.004 g/100 g of FAME, respectively). Because these FA do not play a discriminative role to distinguish nonacidotic from acidotic cases, the treatment effect will not be emphasized further in this paper.
Cow Performance, Milk Protein, and Milk Fat Content
Cow performance, milk protein, and milk fat content are presented in Table 4 . The increased DMI on d 2 of wk 6 was the result of higher amounts of concentrates offered, according to the acidosis induction protocol (see earlier). However, after d 2, several cows were observed to refuse the concentrate, which was the main reason for ceasing the acidosis induction. The wheatbased concentrate was immediately replaced with the standard pelleted concentrate and DMI fully recovered after 1 to 2 d. Day 7 values are thus not representative of effects of SARA induction and are not included in Table 4 .
Milk yield decreased from wk 1 to 5 for both d 2 and 7. Water uptake was higher on d 2 of wk 5 compared with wk 1, 3, and 4. Milk fat content was lower on d 2 and 7 of wk 5 compared with wk 2 and 4. Milk protein content was higher on d 2 of wk 5 compared with wk 1 to 4. On d 7, wk 4 and 5 had higher milk protein contents than wk 1 and 2.
Over the first 5 wk, a difference in fat content was observed between d 2 and 7. This difference could not be found between d 2 and 7 of wk 6, but differences in milk yield and water intake were observed. Figure 1 shows pH curves based on d 2 of wk 1, 5, and 6 for an acidotic and nonacidotic cow as an example. These curves show normal diurnal pH curves, with the acidotic cow constantly showing lower pH values compared with the nonacidotic cow, even in the first week of the experiment. The average amount of lactate was 0.72 ± 0.17 μmol/mL based on the 6 wk.
Rumen pH and VFA Parameters
Rumen variables are listed in Table 5 . A weekly increase of the wheat-based concentrate consistently (both on d 2 and 7) negatively affected rumen minimum and average pH, acetate proportions, and total VFA concentrations, with the lowest acetate proportions observed in wk 5. Further, for some variables, week differences were observed on d 2 only (i.e., time pH <5.6, AUC pH <5.6, AUC pH <6.0, acetate and propionate proportions). A decrease of the acetate proportion and an increase of the propionate proportion on d 2 can be observed from wk 3 until wk 5. Butyrate proportions of d 2 are more fluctuating over the weeks, with the highest values at wk 4 and 5. Although the other parameters varied with week, the most extreme observations were not always in wk 5.
In wk 2, some extreme observations for rumen parameters were found. Both d 2 and 7 showed a lower average and minimum pH, a longer time pH <5.6, and a greater AUC pH <6.0 in wk 2 compared with wk 1, 3, 4, and 5.
On d 2, butyrate proportions and pH decrease per hour of wk 6 were different from wk 5. Rumen pH parameters did respond to the removal of wheat-based concentrate on d 7 in wk 6, but VFA proportions did not. No significant differences between d 2 and 7 were observed in wk 1 to 5 except for the total amount of VFA (mmol/L), which is also different between d 2 and 7 of wk 6. The latter is expected because of the removal of the wheat-based concentrate. A significant week effect is observed only 3 times on d 7 compared with 7 times on d 2. Figure 2 shows the effect of the starch intake on the amount of time pH <5.6. Time pH <5.6 was highest for cows consuming the largest amounts of concentrates (pairs 1 and 2).
Milk FA
Milk FA proportions are listed in Table 6 (short-and medium-chain FA), Table 7 (C18 FA), and Table 8 (OBCFA). Some milk FA changes (C16:0 and C18:0) are the result of the removal of the palm-based rumeninert fat when wheat-based concentrate replaced the standard pelleted concentrate in the diet (Table 2) . Unsaturated C18 FA decreased over time (d 2 results) except for C18:1 trans-10 and C18:1 cis-11 proportions, where a sudden increase in wk 5 was observed in contrast to a steady state (C18:1 trans-10) or gradual decrease (C18:1 cis-11) in the first 4 wk. On d 7, a sudden increase of most monounsaturated C18 FA (except for C18:1 cis-13, C18:1 cis-14 + C18:1 trans-15, and C18:1 cis-15) was observed in wk 5, mostly after a gradual Table 4 . Effect of gradual replacement of a standard dairy concentrate (sugar beet pulp/corn-based) with a wheat-based concentrate in a corn silage/grass silage /concentrate diet (33:17:50 wt/wt/wt; induction wk 1 to 5) and increase of the wheat-based concentrate (induction wk 6) on cow performance variables on d 2 and 7 of each induction week (n = 12) Means within a row in induction wk 1 to 5 with different superscripts differ (P < 0.05). decrease in the first 4 wk. An exception to this general trend was C18:1 trans-11, which decreased from wk 1 to 5. Odd-and branched-chain FA, which significantly changed with week, generally showed an increase, except for anteiso C15:0, which decreased, and iso C14:0 and iso C15:0, which decreased in wk 5 after their gradual increase during the first 4 wk. Increasing the amount of concentrate in wk 6 (d 2) further increased C17:0 and C15:0 and reduced iso C14:0 and iso C16:0 proportions compared with wk 5.
After returning to a standard ration between d 2 and 7 of wk 6, only anteiso C15:0 returned to a concentration similar to wk 1, whereas other OBCFA did not yet show a difference from wk 5 concentrations or even continued to increase (anteiso C13:0, C17:0, and, as a consequence, C17:0 + C17:1 cis-9).
PCA
The first and second principal components (PC1 and PC2, respectively; Figure 3a Means within a row in induction wk 1 to 5 with different superscripts differ (P < 0.05). Significant difference between d 2 and 7 either over induction wk 1 to 5 (mean) or in wk 6 (P < 0.05) according to the linear mixed models (SPSS 15.0.0). Induction wk 1 to 5: Y ijkl = μ + A i + B j + C k + D l + ε ijkl , where Y ijkl = dependent variable, μ = mean, A i = fixed effect of induction week, B j = fixed effect of treatment group, C k = random animal effect, D l = fixed effect of day, and ε ijkl = residual error term. Week 6: Y ijk = μ + B i + C j + D k + ε ijk , where Y ijk = dependent variable, μ = mean, B i = fixed effect of treatment group, C j = random animal effect, D k = fixed effect of day, and ε ijk = residual error term. *0.01 < P < 0.05; **0.001 < P < 0.01; ***P < 0.001; †0.05 < P < 0.10.
tal variation in rumen pH variables, rumen VFA, milk FA proportions of C18 biohydrogenation intermediates (C18:1 trans-10, C18:1 trans-11, C18:2 trans-10,cis-12, C18:2 cis-9,trans-11, C18:2 trans-11,cis-15), and OB-CFA. Milk iso FA proportions (iso C14:0, iso C15:0, and, to a lesser extent, iso C13:0 and iso C16:0), rumen acetate proportions, and rumen minimal pH were positively correlated to PC1. Milk fat content had scores of 0.268 and −0.047 for PC1 and PC2, respectively (Figure 3a) , suggesting milk fat percentage to be less correlated with pH variables (time pH <5.6 or 6.0 and pH minimum) and acetate proportions than iso C14:0 and iso C15:0. Time pH <5.6 and time pH <6.0 clustered to some extent with milk C15:0 on the opposite side of PC1. Proportions of C17:0 + C17:1 cis-9 and pH decrease per hour showed a negative loading for both PC1 and PC2. Milk C18:1 trans-10 proportions clustered with rumen propionate proportions, showing a negative loading for PC1 and a positive loading for PC2. C18:2 cis-9,trans-11, C18:2 trans-11,cis-15, and C18:1 trans-11 showed the highest positive loadings on PC2, whereas anteiso C13:0 had the greatest negative loading. Score plots (Figure 3b and 3c) showed that cow scores were mainly distributed along the PC1 axis, whereas the scores of the different weeks were mainly distributed along the PC2 axis, particularly for wk 1 to 4. Standard errors of the mean of PC1 increased with induction week (from 0.13 in wk 1 to 0.40 in wk 6; Figure 3c ). Moreover, cows showing clinical signs of acidosis based on the fecal scoring (cows 1, 2, 5, 6, 7, 8, and 12 in Figure 3b ) also showed higher changes in iso C14:0 and C18:1 trans-10 concentrations in milk fat over the weeks. Calculation of the coefficient of variance of C18:1 trans-10 per week showed an increase from 0.18 in wk 1 to 0.75 in wk 6. This was also seen on the score plot of the different cows, where cows 5 and 6, identified as suffering from acidosis, had larger standard errors for PC1 than cows 3 and 4, which were identified as healthy cows.
DA
To discriminate between acidotic and nonacidotic cows (defined by rumen pH according to AlZahal et al., 2007) , a stepwise DA was performed based on milk FA, milk fat percentage, and the relative changes of C18:1 trans-10 and iso C14:0. The most discriminating variables were C18:2 cis-9,trans-11, iso C16:0, and iso C13:0, with standardized canonical discriminant function coefficients 0.866, 0.687, and 0.505, respectively. The fraction of correctly classified cases using cross-validation was 65.2% of 138 cases (Table 9 ). Acidotic cases that were falsely classified as control showed lower discrimi- nant scores (i.e., closer to the discriminant scores of the acidotic cases (Figure 4) . However, discriminant scores of control cases falsely classified as acidotic showed a similar range as observed for the correctly classified acidotic cases. This could suggest that the discriminant model is more likely to misclassify control cases as acidotic rather than acidotic cases as control.
DISCUSSION
Almost no differences between both treatment groups, and no interactions between treatment and induction week, were recorded except for 2 FA. Therefore, this discussion focuses on effects of induction week across both treatment groups.
Rumen pH Changes During Induction Protocol
Based on the threshold value for subacute acidosis (time pH below 5.6 ≥ 283 min/d) as proposed by AlZahal et al. (2007) , the herd could be classified on average as acidotic on d 2 of wk 2, 5, and 6 (8, 5, and 7 cows classified as acidotic, respectively). This means that the SARA induction protocol was successful. Although the lowest minimum pH and the highest time pH <5.6 were observed in wk 2, cows seemed to recover until wk 5. Hence, cows may suffer from subacute acidosis during a short period (wk 2). This is in accordance with a greater number of significant week effects on d 2 compared with d 7 for rumen pH and VFA parameters, suggesting that cows were able to adapt during the week following a dietary shift. This is also reported by Sun et al. (2010) . In wk 5 and 6 some cows showed clinical signs of acidosis as based on refusal of DMI and fecal consistency.
Milk OBCFA and Their Relation with Rumen Characteristics
A positive correlation between the acetate proportion and iso C14:0 and iso C15:0 concentrations in milk fat and between C15:0, C17:0, and propionate proportions Table 6 . Effect of gradual replacement of a standard dairy concentrate (sugar beet pulp/corn-based) with a wheat-based concentrate in a corn silage/grass silage/concentrate diet (33:17:50 wt/wt/wt; induction wk 1 to 5) and increase of the wheat-based concentrate (induction wk 6) on milk short-and medium-chain fatty acids proportions (wt %) on d 2 and 7 of each induction week (n = 12) Means within a row in induction wk 1 to 5 with different superscripts differ (P < 0.05). , where Y ijk = dependent variable, μ = mean, B i = fixed effect of treatment group, C j = random animal effect, D k = fixed effect of day, and ε ijk = residual error term. *0.01 < P < 0.05; **0.001 < P < 0.01; ***P < 0.001; †0.05 < P < 0.10.
INDUCTION OF SUBACUTE RUMINAL ACIDOSIS
Journal of Dairy Science Vol. 93 No. 10, 2010 Table 7 . Effect of gradual replacement of a standard dairy concentrate (sugar beet pulp/corn-based) with a wheat-based concentrate in a corn silage/grass silage/concentrate diet (33:17:50 wt/wt/wt; induction wk 1 to 5) and increase of the wheat-based concentrate (induction wk 6) on milk C18 saturated and unsaturated fatty acids proportions (wt %) on d 2 and 7 of each induction week (n = 12) , where Y ijk = dependent variable, μ = mean, B i = fixed effect of treatment group, C j = random animal effect, D k = fixed effect of day, and ε ijk = residual error term. *0.01 < P < 0.05; **0.001 < P < 0.01; ***P < 0.001; †0.05 < P < 0.10. was reported by Vlaeminck et al. (2006a) . This was based on observations after at least 2 wk of adaptation. Overall, PCA confirmed formerly reported correlations between rumen VFA proportions and milk OBCFA. However, sudden changes in the rumen microbial environment show no correlation between VFA proportions and milk OBCFA (e.g., in the current protocol an increase in propionate proportions was observed on d 2 of the second week, without a concomitant increase in milk C15:0 and C17:0). This suggests that secretion of these FA is not precursor-driven, contrary to Enjalbert et al. (2008) , who linked increases in linear odd-chained fatty acids to increases in their precursor (propionate). Our results seem more in line with French and Armentano (2009) and Vlaeminck et al. (2006a) , suggesting that changes in the rumen of OBCFA are determined by changes of the microbial community.
Changes in Milk OBCFA and Rumen Parameters During Switch to Control Diet in Wk 6
After returning to a control diet with less concentrate in wk 6, pH parameters returned to their original values, which confirms observations in the experiment of Enjalbert et al. (2008) . However, VFA proportions and milk OBCFA largely follow the same trend as during the induction protocol. Apparently, these parameters require a longer time to return to the original values.
Markers of SARA: PCA
A PCA was performed to visualize the variability in the data, the correlations among different parameters, and the cow-related variation compared with the variation induced by the induction protocol. The FA that Table 8 . Effect of gradual replacement of a standard dairy concentrate (sugar beet pulp/corn-based) with a wheat-based concentrate in a corn silage/grass silage/concentrate diet (33:17:50 wt/wt/wt; induction wk 1 to 5) and increase of the wheat-based concentrate (induction wk 6) on odd-and branched-chain fatty acid proportions (wt %) on d 2 and 7 of each induction week (n = 12) *0.01 < P < 0.05; **0.001 < P < 0.01; ***P < 0.001; †0.05 < P < 0.10.
had the highest but opposite loadings on PC1 were C18:1 trans-10, C15:0, C17:0 + C17:1 cis-9, and iso C14:0 (Figure 3) . Strikingly, cow differences rather than induction protocol were mainly associated with PC1. This suggests that rumen acidosis parameters such as time pH <5.6 and minimum pH were determined more by cow than by induction protocol, as also described in a review by Beauchemin and Penner (2009) . Similarly, cows differed largely in milk fat iso C14:0 and C18:1 trans-10 concentrations. Scores of the first 4 wk were spread along PC2. It is not surprising that averages of wk 1 to 4 did not vary Results of a principal component analysis based on rumen parameters [pH minimum (pH min); pH maximum (pH max); pH decrease/hour (pHfall/hour); area under curve (AUC) pH <5.6 or <6.0; time pH <5.6 or <6.0; acetate, butyrate, and propionate proportions; total VFA], fatty acid proportions in milk fat (wt %; anteiso C13:0, iso C13:0, iso C14:0, C15:0, iso C15:0, iso C16:0, C17:0 + C17:1 cis-9, C17:1 cis-9/ C17:0, C18:1 trans-10, C18:1 trans-11, C18:2 cis-9,trans-11, C18:2 trans-10,cis-12, and C18:2 trans-11,cis-15), and milk fat percentage (milk fat) presented as (a) a loading plot of the different variables, (b) a score plot of 12 cows (11 observations/cow), and (c) a score plot of 6 wk, with increasing proportions of wheat-based concentrate in wk 1 to 5 and increased concentrate amounts in wk 6 (24 observations/wk, except for wk 6, which includes 12 observations). In the score plots, means and standard errors of principal components (PC) 1 and 2 are presented. along PC1 because no major induction of SARA (except for a temporary pH decrease on d 2 of the second week) occurred during the first 4 wk. Evolution toward acidosis in wk 5 and 6 was associated with a deviation from PC2 to the negative PC1 axis. Other milk parameters, reported in literature to be indicative of rumen acidosis, are reduction in milk yield and fat content and increase in protein concentration (e.g., Plaizier et al., 2008) . Although this was confirmed in our induction experiment, PCA revealed that the link between milk fat was less correlated than specific milk FA to rumen acidosis parameters.
Markers of SARA: DA
Discriminant analysis was performed in a first attempt to distinguish acidotic from nonacidotic cows based on the milk FA pattern and milk fat content. After cross-validation, only 65.2% of the cases were correctly classified, and classification was based mainly on C18:2 cis-9,trans-11, iso C16:0, and iso C13:0. This result confirmed the deviation from PC2 to PC1 because those FA are related to PC1 as well as PC2. These FA originate from the de novo synthesis by the microbial population or from the ruminal biohydrogenation to C18:1 trans-11, which then partially is desaturated to cis-9,trans-11 conjugated linoleic acid in the mammary gland (Shingfield et al., 2007) . As already confirmed in the literature, this means that subacute acidosis affects the ruminal environment, resulting in changes of both the nature of the ruminal microbial population and the extent of biohydrogenation, or its pattern, or both. Strikingly, biohydrogenation intermediates that have been suggested before to be associated with rumen acidosis (e.g., C18:1 trans-10 and C18:2 trans-10,cis-12) were not selected as the most discriminating milk FA in this experiment. Also, milk fat reduction or content, which have been used in some experiments to indicate lack of dietary fiber (structure) and acidosis risk (De Brabander et al., 1999) , have not come forward in this experiment as a predominant discriminator.
Because most incorrectly classified cases (i.e., false control and false acidotic) are located between both correctly classified groups, these cases are probably on the border of suffering from acidosis or not being acidotic. Hence, classification in continuous probability classes indicating the risk of acidosis development will be considered in future work. For this purpose, other classification algorithms from the field of machine learning will be applied.
CONCLUSIONS
As expected, traditional markers of SARA (rumen pH, VFA, milk fat, DMI) responded broadly to an increase in fermentable carbohydrate. Most of the milk Anteiso C13:0, iso C13:0, iso C14:0, C15:0, iso C15:0, iso C16:0, C17:0 + C17:1 cis-9, C17:1 cis-9/C17:0, C18:1 trans-10, C18:1 trans-11, C18:2 cis-9,trans-11, C18:2 trans-10,cis-12, C18:2 trans-11,cis-15, milk fat percentage, ratio C18 trans-10, difference C18 trans-10, ratio iso C14, and difference iso C14 .
2
Only 65.2% of grouped cases were correctly classified. . Score plot of a stepwise discriminant analysis, including fatty acid proportions in milk fat (wt %; anteiso C13:0, iso C13:0, iso C14:0, C15:0, iso C15:0, iso C16:0, C17:0 + C17:1 cis-9, C17:1 cis-9/C17:0, C18:1 trans-10, C18:1 trans-11, C18:2 cis-9,trans-11, C18:2 trans-10,cis-12, and C18:2 trans-11, cis-15), milk fat percentage, and proportional (ratio) or differential changes (diff) compared with wk 1 (ratio C18 trans-10, diff C18 trans-10, ratio iso C14, and diff iso C14).
FA, including OBCFA, showed a response that was expected based on the rumen fermentation pattern during the induction experiment. Milk fat, a regularly used parameter indicative of SARA, showed a weaker link with rumen acidosis parameters than specific milk FA. The most effective predictors in milk fat of low rumen pH were C18:2 cis-9,trans-11, iso C16:0, and iso C13:0. This shows that specific milk FA have potential value in identifying cows at risk of acidosis.
